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ABSTRACT 



In a resin roll 5 for calendering a magnetic recording 
medium, a surface portion 3a of a thermosetting resin outer 
layer 3 has high storage elastic modulus (E') of 5x10^^ to 
5x10^^ dyn/cm^ at a temperature of 50^* to 150"* C. at a 
frequency of 10 hertz (Hz). At the surface portion of the 
thermosetting resin outer layer, the expression representing 
the relation between storage elastic modulus (E') and the 
Poisson's ratio (v) is within the following range, under the 
same conditions: 

2x10"*- cm^/dyn<(]-v^/£:'<2x;£r'^ cm^/dyn 

14 Claims, 5 Drawing Sheets 
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RKSIN ROLL FOR CALENDERING prcssuo; per unit area, the nip width, that is, the nip area is 

MAGNETIC RECOROING MEDIUM AND further enlarged, making it difliculi to obtain the eireclive 

MANUI-7\CrURING METHOD THEREFOR pressure per unit area at the nip surface. 



BACKGROUND OF THE INVENllON 



SUMMARY OF THE INVENTION 



An object of the present invention is to provide a resin roll 

1, Field of the Invention for calendering a magnetic recording medium in which the 

'ITie present invention relates to a resin roll for calender- "'P f'"^^^^ 'I .^'/t" """'^L ^""^1''' 

ing a magnetic recording medium and to a manufacturing ^^i^' ^"^ nip width is not mere ased, even when under 

method thereof ^ temperature, thus providmg substantially 

larger pressure per unit area, whereby the surface is smooth 

2. Description of the Background Art ap^j j^urj^ce hardness is high, which provides compression 
Generally, it is a wide spread practice in the manufactur- strtingth and heat resistance and is free of pin holes. 

ing of a magnetic recording medium to apply a magnetic Another object of the present invention is to provide a 

layer on a base film and to perform calendering thereafter. method of manufacturing the above described high perfor- 

Gencrally, in the process of manufacturing a magnetic ma nee resin roll for calendering a magnetic recording 

recording medium, the magnetic recording medium is cal- medium at low cost with high efficiency, 

endered by being passed between a mirror-surfaced metal Still another object of the present invention is to provide 

roll and an elastic roll such as a resin roll disposed in a calendering apparatus employing the above described high 

opposing relationship thereto. A high nip pressure is applied performance resin roll as an elastic roll, 

to the recording medium to eliminate voids in magnetic xhe above described objects of the present invention are 

layer, to make the surface of the magnetic recording medium attained by a resin roll for calendering a magnetic recording 

smooth and to increase the density of the magnetic layer. In medium including a metal roll core and a thermosetting resin 

this case, the magnetic layer side of the magnetic recording outer layer, wherein a surface portion of the thermosetting 

medium is brought into contact with the metal roU. resin outer layer has a storage elastic modulus (E') from 

The signal density of the magnetic recording medium has 5x10^° to 5x10^^ dyn/cm^ at a temperature in the range from 

been significantly improved recently. In order to obtain a 50'' to 150" C. at a frequency of 10 hertz (Hz). More 

highly dense magnetic recording medium, it is necessary to specifically, according to the present invention, the storage 

apply a magnetic coating filled with magnetic powder to a clastic modulus (E') of the surface portion of the thermo- 

high density on the base film so as to increase the magnetic setting resin outer layer of the resin roll for calendering at a 

flux density. However, if the amount of the magnetic powder temperature of use is increased, whereby the nip width can 

is increased, it becomes difficult to eliminate voids in the be made smaller, and since the high storage elastic modulus 

magnetic layer generated when the solvent is dried, and also (E') of the surface portion is maintained even at a high 

it has been dilBcult to obtain sufficient surface smoothness temperature, a small nip width can be maintained, 

of the magnetic layer under the conventional conditions for Preferably, the storage elastic modulus {£') at the surface 

calendering, because hardness of the magnetic coating could portion of the thermosetting resin outer layer of the roll 

have been increased, should be at least 6xL0^^ dyn/cm^, and more preferably, it 

Accordingly, in order to make smooth the surface of the should be at least 8x10^° dyn/cnr. Preferably, it should be 

above described magnetic layer filled with magnetic powder at most 2x10" dyn/cm^, and more preferably, it should be 
to a high density and to completely eliminate voids, it is 40 al rnost 1.5x10^^ dyn/cm", 

necessary to apply higher temperature and higher nip pres- The conditions for measurement for temperature and 

sure in the calendering step. frequency described above are set as close as possible to the 

Accordingly, there has been a demand for a resin roll for conditions for u.se of the resin roll for calendering. The 

calendering which can be used at higher temperature and temperature is normally in the range from 50° to 150^ C, 
which can provide greater pressure. 45 which is preferably 50** to 180* C. and, more preferably, 50° 

1lie following characteristics are required of the resin roll 

for calendering'. frequency is set to 10 hertz. This value is selected for 

itx A ,1 •,, r I' , u- u r ^ iu the following rcasons. If the outcr periphery of thc resin roll 

(1) A roll with satisfactory high surface smoothness. 1 1 • ■ . . , \ - , 

^ ' ....... . calendering is set to I ni and the running speed to 3(K) 

(2) Hardness, especially high surface hardness. cxixm^,\c, the rate rotation of the roll is MK) rpm, 

(3) Heat resistance, especially heat resistance to render the and thc frequency corresponding to this rate of rotation is 5 
roll less likely to deform due to thermal expansion or |.|./. However, if the resin roll for calendering is pinched 
melting that would result from autogenous heal. between two metal rolls, the .surfi ice j)oitioii of the roll 

(4) Compression strength to withstand the high nip pres- passes twice thc nip per one rotation, and hence the frc- 
sure applied by the metal roil and to remain free of 55 quency is set to 10 Hz. 

cracking or breaking. In the foregoing, if the storage elastic modulus at the 

(5) A roll free of pin holes. surface portion of the thermosetting resin outer layer of the 
However, in the conventional resin roll for calendering a resin roll for calendering is not higher than 5x10^° dyn/cm~, 

magnetic recording medium, the roll properties are limited, the nip width becomes too large, resulting in similar pre.ssure 
so that the nip width, that is, thc nip area tends to be 60 per unit area as that of the prior art, and hence it is not 

unavoidably large. Therefore, in terms of applied pressure, preferable. If the storage elastic modulus (E*) exceeds 

that is, pressure per unit area acting on the nip surface, 5x10'^ dyn/cm^, the nip width becomes smaller and larger 

sati.sfactory pres.sure per unit area to meet the recent demand pressure per unit area can be obtained. However, since thc 

for high density magnetic recording medium could not be storage elastic modulus (E') is too large, ups and dowas of 
obtained. Furthermore, in order to improve efficiency in 65 the material to be processed cannot be absorbed by the roll 

processing, when heating is performed at a higher tenqxira- surface, hindering uniform calendering. 'I'lierefore, it is not 

lure or when the press load Ls increased to obtain larger preferable. 
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ITie thermoseiting resin constituting the outer layer of the 
resin roll Ibr calendering includes, tor example, cpoxy resin, 
polyurethane resin, polyisocyanurate resin, cross linked 
polyestcramide resin, unsaturated polyester resin and dial- 
lylphlhalatc rosin. In view of durability, heat resistance and 5 
moldability, epoxy resin and cross linked polycsteramide 
resin arc preferable, and specifically, epoxy resin is desired. 

'ITie aforementioned metal roll core is made of a metal 
such as iron, steel, stainless steel or aluminum. 

From another view point, the resin roll for calendering a ^'^ 
magnetic recording medium in accordance with the present 
invention includes a metal roll core and a thermosetting 
resin outer layer, wherein an expression (1- v^/E' repre- 
senting relation between storage elastic modulus (E) and the 
Poisson's ratio (v) with respect to Hertz's equation repre- 
scnting nip width of the surface portion of the thermosetting 
outer layer is within the range of 

5x10-^2 cm2/dyn<Cl-v^/£'<2xlO-ll cm^/dyn 

under the condition that the temperature is 50° to 150° C. 
and the frequency is 10 Hz. 

In the above expression, E' represents storage elastic 
modulus of the surface portion of the thermosetting resin 
outer layer of the resin roll, and v represents the Poisson*s 
ratio of the surface portion. 

Here, generally, it is known that the nip width when two 
rolls are in contact with and parallel to each other and 
subjected to a load (P) per unit length in axial direction can 
be represented by the Hertz's equation below. 

Hertz's Equation 



Nip Width (jV) = 4 N Ki-^Ki 



V7 



:l - 



20 



45 



where 

N: nip width 
Rj: radius of first roll 

radius of second roll 
P: load power unit length 
V,: Poisson's ratio of the first roll 
v^: Poisson's ratio of the second roll 
Eji clastic modulus of the first roll 

iL: elastic modulus of the second roll 50 

Ji: the ratio of the circumference of a circle to its diameter. 

In the foregoing, if the first roll is the resin roll for 
calendering and the second roll is a metal roll, for example, 
it is understood that ihe nip width (N) is in proportion to the 
.square root of (Kj+KJ provided that the radii (R,, R^) of 55 
both rolls and the load (P) are constant. 

When the relation belween the resin roll and the nip width 
is considered, the nip width (N) is inlluenced by the value of 
(l-v/)/E,. 

In other words, the smaller the value (i-v^^)/Ei of the 60 
surface of the resin roll, the smaller the nip width (N). 

The foregoing is a theory assuming a static condition. 
When the roll in actual use is considered, the elastic modulus 
(E,) must be considered as a dynamic elastic modulus, that 
is, storage elastic modulus. 65 

Conventionally, the importance of the relation belween 
temperature nnd si or age elastic modulus (E') of the resin roll 



for calendering have been recognized. However, the Pois- 
son's ratio (v) has not been considered. Ba.sed on the theory 
described above, the inventors recognized that the relation 
between each of temperature, storage clastic modulus (E') 
and Poisson's ratio (v) is important, and through extensive 
study, they have found that the resin roll providing desirable 
nip width as a resin roll for calendering a magnetic recording 
medium has the value within the following range: 

2x10- '2 cnr7dyii<(:l-v^/£'<2xlO-^^ cnf/dyn. 

Here, if the value of the expression (l-v^)/E' representing 
the relation between storage elastic modulus (E') and Pois- 
son's ratio (v) of the resin roll for calendering a magnetic 
recording medium is lower than 2x10"^^ cm^/dyn, ups and 
downs of the material to be processed cannot be absorbed by 
the roll surface, hindering uniform calendering, llierefore, it 
is not preferable. 

Further, if the value of the expression (l-v^)/E' exceeds 
2x10"" cm^/dyn, the nip width becomes too large, and only 
the pressure per unit area similar to that of the prior art can 
be obtained. Therefore, it is not preferable. 

Preferabky, the value of the expression (l-v^)/E' should be 
at least 5xlO~^^ cm^/dyn, and more preferably, it should be 
at least 6x10"^^ cm^dyn. Preferably, it should be at most 
1.8xl0~^^ cm'/dyn and, more preferably, it should be at 
most 1.5x10"" cra^/dyn. 

The measuring condition of temperature is set to be 50° to 
150° C. as described above. Preferably, the temperature 
should be from 50° to 180° C, and more preferably from 50° 
to 200° C. 

The frequency is set to 10 Hz from the same reason as 
described above. 

According to the present invention, as the value of the 
expression (l-v~)/E' representing the relation between stor- 
age elastic modulus (E') and Poisson's ratio (v) at the surface 
portion of the thermosetting resin outer layer of the resin roll 
is small, the nip width can be made smaller, and as the value 
of the expression (L-v^)/E' is maintained at a small value 
even at a high temperature, small nip width can be main- 
tained. 

The thickness of the thermosetting resin outer layer is, 
appropriately, from 5 to 50 mm. 

In the re.sin roll for calendering a magnetic recording 
medium in accordance with the present invention, normally, 
the thermosetting resin outer layer is filled with inorganic 
powder, and the surface portion of the thermosetting resin 
outer layer is uniformly filled with a high percentage content 
of the inorganic powder, 'ITic percentage content of the 
inorganic powder at the surface portion of the resin outer 
layer is from 60 to 95 percent by weight. 

Here, the inorganic powder includes carl:)on black, quartz 
powder, silica powder, silicon oxide, silicon carbide, gla.ss 
powder, alumina, titanium oxide, potassium titanate, alumi- 
num hydroxide, calcium carbonate, magnesium carbonate, 
talc, clay, gla.ss beads, bentonite, iron powder, copper 
powder, aluminum powder and fcrrite powder. 

The average particle diameter of the inorganic powder is 
from 0.05 to 50.0 //m. 

Since the surface ix)rtion of the thermosetting resin outer 
layer of the resin roll is uniformly filled with a high 
percentage content of inorganic powder, the elastic roll has 
high strength, high hardness, and high storage modulus, and 
hence the nip width can be made smaller. 

If the content of inorganic jwwder at the surface portion 
of the thermosetting resin outer layer of the resin roll is 
smaller than 60 percent by weight, necessary strength, 
hardness, or ela.stic modulus cannot be obtained. If the 
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content of the inorganic powder exceeds 95 percent by surface of the magnetic recording medium smooth, 

weight, viscosity of a slurry-like mixture of Ihermosctling ITiercfore, it is not preferable. 

resin material and inorganic powder becomes too high, The resin roll for calendering a magnetic recording 

making it dilllcult to cast the thermosetting resin outer layer medium in accordance with the present invention is further 

of the roll, and also making it difficult to remove air during 5 provided with a fiber-reinforced lower winding layer formed 

casting. As a result, pin holes may be generated in the of a fiber material impregnated with a thermosetting resin on 

thermosclling resin outer layer. ITierefore, it is not prefer- an outer peripheral surface of the metal roll core. The 

able. fiber-reinibrced lower winding layer is formed by a fiber 

Preferably, the lower limit of the content of the inorganic material impregnated with a thermosetting resin around the 

powder is at least 65 percent by weight, and more preferably, lO metal roll core. 

it should be at least 70 percent by weight. The upper limit The fiber material to be used may be made of an inorganic 

should preferably be at most 85 percent by weight, and more fiber or an organic fiber. It is desirable to use an inorganic 

preferably, 80 percent by weight. fiber such as glass fiber, carbon fiber or metal fiber, which is 

If the average particle diameter of the inorganic powder is hard, has high level of elastic recovery, exhibits good 

smaller than 0.05 //m, the viscosity of the slurry-like mixture 15 adhesion to resins and exhibits a high fastening force. Also 

of thermosetting resin raw material and inorganic powder usable are organic fibers such as polyamide fiber, aromatic 

becomes too high, making it diflScult to cast the therm oset- polyamide fiber, polyimide fiber, polyester fiber, phenolic 

ting resin outer layer of the roll, and also making it difficult fiber or acrylic fiber 

to remove air during casting. As a result, pin holes may be The fiber material is in the form of a yarn, roving, cloth 

generated in the thermosetting resin outer layer. Therefore, 20 tape or the like. In view of the strength of the roll obtained, 

it is not preferable. Further, if the average particle diameter it is desirable to use the cloth tape or the roving and cloth 

of the inorganic powder exceeds 50.0 /urn, smoothness of the tape in combination. 

roll surface is degraded, and hence it is not preferable. Examples of the thermosetting resins for impregnating the 

Preferably, the lower limit of average particle diameter of fiber material are epoxy resin, unsaturated polyester resin, 

the inorganic powder should be at least 0.1 //m and more 25 diallylphthalate resin, polyurethane resin and the like. Such 

preferably, at least 0.3 ;«n. The upper limit should preferably thermosetting resins include both thermosetting-type resin 

be at most 30 //m and, more preferably at most 10 //m. and cold setting-type resin. 

The thickness of the surface portion of the thermosetting A filler in the form of inorganic powder such as quartz, 

resin outer layer filled with high a percentage content of glassbeads,hydrated alumina, clay powder, silica powder or 

inorganic powder should preferably be at least 0.5 mm, and 30 calcium carbonate may be mixed with the thermosetting 

more preferably, at least 1.0 mm. resin. The average particle diameter of the inorganic powder 

If the thickness of a surface portion filled with a high should be from 1 to 200 //m, and preferably from 5 to 100 

content of inorganic powder of the thermosetting resin outer //m. Powder having an average particle diameter of smaller 

layer is smaller than 0.5 mm, the nip portion may be than 1 /(m is not readily available, leading to higher cost, 

influenced by the inner thermosetting resin layer which has 35 llierefore, it is not preferred. Furthermore, if it exceeds 200 

lower hardness, and hence it is not preferable. 'Hiough there //m, uniform dispersion in the resin becomes difficult, 

is no specific upper limit in the thickness of the surface A non-woven fabric is also usable for the lower winding 

portion filled with a high content of inorganic powder of the layer. For example, on an outer peripheral surface portion of 

outer layer, a maximum thickness of 20 mm may be appro- the aforementioned cloth tape or of the roving and cloth tape 

priate. 40 impregnated with filler-contained thermosetting resin, a 

Furthermore, in the resin roll for calendering a magnetic layer of a non-woven fabric which is similarly impregnated 

recording medium in accordance with the present invention, with filler-mixed thermosetting resin may be wound around 

the hardness of the surface portion of the thermosetting resin to be fitted over and joined together, to serve as the lower 

outer layer is no smaller than 95** and no smaller than 100° winding layer. 

in terms of shore D hardness. 45 Such a non-woven fabric has the excellent function of 

If llie hardness of the surface portion of the Ihermosctling holding the inorganic material as uniformly incorporated 

resin outer layer is smaller than 95° in terms of shore D therein in its entirely. Hie non-woven fabric to be used is 

hardness, the nip width becomes too large to provide satis- made of an organic fiber such as acrylic fiber, polyester fiber 

factory pressure per unit area. The hardness should prefer- or phenolic fiber, or an inorganic fiber such as glass fiber or 

ably be at least 96°. Strictly speaking, it is not possible to 50 metal fiber. Preferably, the non-woven fabric is in the form 

have the hardness of 100°. However, the hardness should of a tape. 

desirably be as close to 100° as possible. The lower winding layer is 1 to 50 mm in overall 

In the resin roll for calendering a magnetic recording thickness. If less than L mm in thickness, the layer is 

medium in accordance with the present invention, generally, insufficient in strength, exerts a smaller fastening force on 

surface roughness (Ra) at the surface portion of the ther- 55 the roll core, and therefore it is not suitable to use. On the 

mosetiing resin outer layer is in the range of not more than other hand, if the Ihickness exLx:eds 50 mm, the layer will 

0.5 //m, preferably not more than 0.2 ;/m and desirably, not not have a correspondingly incrca.sed strength but becomes 

more than 0.1 ttin. Here, the surface roughness (ka) means more costly, and therefore it is undesirable. In view of the 

the arithmetical mean roughness (Ra) defined by JIS strength of the roll, the fastening force of the roll core and 

(Japane.se Industrial Standard) B0601. The surface portion 60 the like, the thickness of the lower winding layer is prcfer- 

of the thermosetting resin outer layer should be as .smooth as ably in Ihc range of 2 to 15 mm. 

po.ssible. However, in practice, it is difficuU to make the Accordingly, the lower winding layer formed on the outer 

surface roughness (Ra) at the surface portion of the resin peripheral surface of the roll core is positioned between the 

outer layer to be smaller than 0.01 //m. If the surface roll core and the thermosetting resin outer layer, improving 

roughness (Ra) at the surface portion of the t hernio.se tting 65 fitting and joining of the two. Furthermore, the lower 

resin outer layer exceeds 0.5 //m, the smoothness of the roll winding layer prevents separation from the roll core as it 

surface is degraded, making it impossible to make the reinforces the fastening force of the roll core. 
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llic above described objects of the present invention can 
be attained by a method of manufacturing a resin roll for 
calendering a magnetic recording medium in which a slurry- 
like mixture of thermosetting resin raw material and an 
inorganic powder having an average particle diameter of 5 
from 0.05 to 50.0 //m is cast to a cylindrical mold for 
rotational casting, an outer layer hollow cylinder of a 
thermosetting resin containing at its surface portion a inor- 
ganic ix)wder at the content of 60 to 95 percent by weight is 
formed by rotational casting a metal roll core is fitted in the lo 
outer layer hollow cylinder, and the roll core and the outer 
layer hollow cylinder a retitted and joined together. 

Preferably, an adhesive is injected into an annular clear- 
ance between the metal roll core and the outer layer hollow 
cylinder and the adhesive is cured so that the roll core and 15 
the outer layer hollow cylinder arc bonded together by the 
adhesive layer. 

Preferably, the method of manufacturing a resin roll for 
calendering a magnetic recording medium in accordance 
with the present invention includes the step of forming a 20 
fiber-reinforced lower winding layer formed of the afore- 
mentioned liber material impregnated with the thermoset- 
ting resin on an outer peripheral surface of the metal roll 
core. ITie method of manufacturing the resin roll for calen- 
dering a magnetic recording medium in accordance with the 25 
present invention will be described with reference to the 
figures. 

First, as shown in FIG. 1, a fiber material impregnated 
with the thermosetting resin is wound to a prescribed 
thickness on an outer peripheral surface of a metal roll core 30 

(1) , thus forming a fiber-reinforced lower winding layer (2). 
The metal roll core (1) is formed of a metal such as stainless 
steel, and it is desirable to make the outer periphery thereof 
have a rough-surface by sandblasting or by forming a 
multiplicity of helical grooves, since the rough-surface pro- 35 
motes tight joining of the roll core (1) and the lower winding 
layer (2). 

In addition, an outer layer hollow cylinder (3) of a 
thermosetting resin shown in FIG. 2 is prepared. This is 
formed by casting a slurry-like mixture of the thermosetting 40 
resin raw material and an inorganic powder having an 
average particle diameter of 0.05 to 50.0 //m into a cylin- 
drical mold for rotational casting, performing rotational 
casting so that the .surface portion (3^/) comes to contain the 
inorganic powder at a prescribed content, and curing the 45 
thermosetting resin at a prescribed temperature. ^1ins, the 
outer layer hollow cylinder (3) of the thermosetting resin is 
formed, 

ITie curing temperature of the Ihcrmo.setting resin is 
determined dependent on the type of the resin used. If the 50 
resin is a thcrnio-setting type, the curing temperature is 
generally from 100*' to 300° C, and if the resin is a 
cold-setting type, reaction and curing takes place at room 
temperature. 

In this manner, by rotational casting, the thermo.se Iting 55 
resin outer layer (3) containing at its surface portion Qri) the 
inorganic ix>wder at a prescribed ratio having superior 
surface smoothnes.s, high surface hardness, superior com- 
pression strength and heat resLstancc and being tree of pin 
holes can be obtained, llicreafter, as shown in FIG, 3, the 60 
thermosetting resin outer layer (3) is fitted around the metal 
roll core (1) having the fiber-reinforced lower winding layer 

(2) , an adhesive is injected into an annular clearance formed 
between the lower winding layer (2) and the outer layer 
hollow cylinder (3), the adhesive is cured at a prescribed 6S 
temperature, fiber-reinforced lower winding layer (2) and 
the outer layer hollow cylinder (3) are fitted and bonded 
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together by the adhesive layer (4), and thus the resin roll (5) 
for calendering a magnetic recording medium in accordance 
with the present invention is manufactured. 

IZxampIes of usable adhesives are epoxy resins, unsatur- 
ated polyester resins, diallylphlhalate resin or the like, 
depending on the necessary heat resistance, pressure 
resistance, etc. 

The adhesive is cured at a temperature usually of 20"* to 
150** C It is especially desirable to set the curing tempera- 
ture of the adhesive to be approximately the same as the 
surface temperature of the resin roll (5) for calendering a 
magnetic recording medium during use. ITie reason for this 
is that this eliminates the residual stress of the thermosetting 
resin outer layer (3) when the resin roll (5) is in use, 
rendering the thermosetting resin outer layer (3) more resis- 
tant to breaking even when subjected to high pressure. 

In the resin roll for calendering a magnetic recording 
medium in accordance with the present invention described 
above, the surface portion of the thermosetting resin outer 
layer has a high storage elastic modulus (E') from 5x10^** to 
5x10^^ dyn/cm^ at a temperature from 50** to 150* C with 
the frequency of 10 hertz (Hz), and the value of the 
expression (l-v^)/E' representing the relation between the 
storage elastic modulus (E') and Poisson's ratio (v) has a 
value as tow as 

2x10-'^ cin^/dyn<(l-v^/£-'<2xl0-" cm^/dyn 

so that the nip width of the resin roll for calendering can be 
made smaller, and the nip width can be smaller than the prior 
art example when subjected to the same load. In other words, 
a substantially larger pressure per unit area can be obtained. 
Ill ere fore, according to the resin roll of the present 
invention, it Ls possible to make the surface of the magnetic 
recording medium smooth and to surely perform processing 
such as increasing the density of the magnetic layer, by 
passing a recording medium through the rolls while ajjplying 
high nip pressure. 

According lo the method of manufacturing a resin roll for 
calendering a magnetic recording medium in accordance 
with the present invention, a mixture of a thermosetting resin 
raw material and an inorganic powder is molded by rota- 
tional casting, so that an outer layer hollow cylinder of the 
thermosetting resin containing, at its surface portion, inor- 
ganic powder at a high percentage content is obtained. 
Ilierefore, the resin roll for calendering a magnetic record- 
ing medium can be manufactured at low cost with high 
etliciency, dnd the obtained resin roll for calendering has a 
smooth .surface, high surface hardness, .superior compres- 
sion strength and heal resistance and is free of pin holes. 
'Hiereforc, the resin roll thus obtained is suitable for manu- 
facturing the magnetic recording medium. 

The calendering apparatus for (he magnetic recording 
medium in accordance with the present invention performs 
surt'ace processing of the magnetic recording medium by nip 
pressure between a metal roll and an elastic roll, and as the 
elastic roll, the above described high performance resin roll 
is used. According to one aspect, the elastic roll includes a 
metal roll core and a the rmosel ting resin outer layer, and the 
surface portion of the thermo.setling resin outer layer has a 
storage elastic modulus (E') of 5xl0^° lo 5x L0*' dyn/cm* at 
the temperature of from 50° to 150° C. at the frequency of 
10 H'A. According to another aspect, the ela.stic roll includes 
a metal roll core and a thermosetting resin outer layer, and 
at the surface portion of the thermosetting resin outer layer, 
the expression (i-v^)/E* representing the relation between 
storage elastic modulus (E') and PoLsson's ratio (v) related 
to Hertz's equation representing the nip width is within the 
range of 
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2x10-'' cnr/dyn<{j-v^)/E'<2xio-" cm^/dyn pared. 'Ilic hollow cylinder (3) taken out from the mold was 

, subjected to post curing at a temperature of 90** to 180'' C, 

at a temperature of 50 to 150 C at the frequency of 1 0 Hz. ^^j^er peripheral surface and inner peripheral surface of the 

llie loregoing and other objects, features, aspects and ^^^^^ j^y^, h^n^^ cylinder (3) of epoxy resin were cut, and 

advantages oi: the present invention will become more ^ thus the outer layer hollow cylinder (3) of epoxy resin shown 

apparent trom the following detailed description of the ,7,0 2 having an outer diameter of 340 mm, an inner 

present invention when taken m conjunction with the diameter of 309 mm, and length of 400 ram was prepared, 

accompanying drawings. outer layer hollow cylinder (3) of epoxy resin was 

BRIEF DESCRIFHON OF THE DRAWINGS ^^^'^^^ around the roll core (1) having the lower winding layer 

^0 (2), an adhesive mainly consisting of epoxy resin was 

FIG. 1 is a partially omitted cross sectional view of a roll injected into an annular clearance formed between the lower 

core with a lower winding layer. winding layer (2) and the outer layer hollow cyhnder (3), the 

FIG. 2 is a partially omitted cross sectional view of a adhesive was cured at a temperature of 80° C, the lower 

thermosetting resin outer layer. winding layer (2) and the outer layer hollow cylinder (3) of 

FIG. 3 is a partiaUy omitted cross sectional view of a resin ^P^^^ bonded together by an adhesive layer (4) 

roll for calendering a magnetic recording medium in accor- having a thickness of 0.5 mm, the outer peripheral surface of 

dance with the present invention. ^^^^ ^as cut and polished, whereby the resin roll (5) for 

™^ uu - * 4 € calendering a magnetic recording medium shown in FIG. 3 

FIG. 4 IS a graph showmg relation between temperature of F . j . iT/e\. j * i- 

. , , ^. , , /r-,\ . i- was manufactured. Tne resm roll (5) had an outer diameter 

use and storage elastic modulus (E) at a surface portion of c ^^'^c j ^ ^ r ^i^^ 

.^.^ . .1 ^ i 11 • * * 11 • 2^ of 335 mm and a surface length of 400 mm. 

a thermosetting resin outer layer of small size test rolls in ^ 

accordance with embodiments of the present invention and [INVENTIVE EXAMPLE 2] 

examples for comparison. ^j^e r^si^ j.^,! ^br calendering a magnetic recording 

FIG. 5 is a graph showing relation between temperature of medium in accordance with the present invention was manu- 

use and expression (l-v^)/E' representing relation between 25 factured in a similar manner as Inventive Example 1 

storage elastic modulus (E') and Poisson's ratio (v) at the described above. 

surface portion of the thermosetting resin outer layer of the piret, as in Inventive Example 1, a fiber material impreg- 

small size test rolls in accordance with embodiments of the Q^ted with epoxy resin was wound around the outer periph- 

present invention and examples for comparison. era! surface of iron roll core (1) to form a fiber-reinforced 

FIG. 6 is a graph showing relation between the nip width 30 lower winding layer (2) having a thickness of 4 mm. 

and load of small size test rolls in accordance with embodi- Then, separate from the above, a mixture including 100 

ments of the present invention and examples for compari- parts by weight of resin composition of 2.1 mole of bis(2- 

son. oxazoline) compound and 1.0 mole of dicarboxylic acid 

mixed with 1.6 parts by weight of phosphite and further 

DESCRIPTION OF TOE PREFERRED 35 mixed with 94.1 parts by weight of silica powder having an 

EMBODIMENTS average particle diameter of 10 //m was cast to a cylindrical 

Embodiments of the present invention will be described, mold (not shown) for rotational casting in a similar manner 

with reference to examples for comparison. Inventive Example 1 described above. Rotational 

casting was performed at a mold temperature of 130° C. and 

[INVENllVE EXAMPLE 1] 40 a rate rotation of 800 rpm, thus an outer layer hollow 

. ^ 1 , - ,- cylinder (3) of cross linked polyesteramide resin containing 

Die resin roll (5) for calendering a magnetic recording , ^ . /i \ 1 1 u- u , 

. , ^ ..... . • .• u • at its surface portion C5a) a prescribed high percentage 

medium in accordance with the present invention shown in . r *t* 1 1 ^^ i n i- r 

^ , , , ti ■ .i_ 1 content of silica powder was prepared. 1 lie hollow cylinder 

FIG. 3 was prepared by the tollowmg method. .v^, . , » r .u 1 1 u- * i . . • 

i ^ & (3) taken out from the mokl was subjected to post curing at 

First, as shown m FIG. 1, an iron roll core (1) having a 45 a temperature of 160° C, the outer peripheral surface and the 

length of 1200 mm, surface length of 650 mm and outer i^^^, peripheral surface of the outer layer hollow cylinder 

diameter of 300 mm was rough-surfaced over the outer p) ^^.^e cut, and thus the outer layer hollow cylinder (3) 

periphery by sandblasting, and a fiber material impregnated j.^^^,^ 2 having an outer diameter of 340 mm, inner 

with epoxy resin was wound around the outer periphery of diameter of 309 mm and length of 400 mm was prepared, 
the roll core (I) to form a fiber-reinforced lower winding 50 The outer layer holk)W cylinder (3) of cross linked 

ayer (2) hav.ng a Ih.ckness ol 4 mrn. Hie hl)er-re,nh>rced poiyesteramide resin was fitted over the roll core (1) having 

lower wuiding layer (2) was tormed by wniduig a glass cloth ^ j^^^^ ^.^^^y ^^^^^^^ ^^^-^^^ consisting of 

tape impregnated with epoxy re.sin mixed with sihca powder ^^^^^^^ , j^^^^^ d^^rnnc^ formed 

on a peripheral surlace of roll core (I), and thereafter ^.^^^^ ^ ^^^^ ^ 

winding a glass roving impregnated with a similar epoxy S5 hollow cylinder (3), the adhesive was cured at a temperature 
resm on the outer periphery ot the tape layer. I he epoxy g^o ^j^^j-^^ ^^^^^ .^^^^ ^^^^ ^^^^^^ ^^^^^ 

resin was cured at MO C. cylinder (3) of cross linked poiyesteramide resin 

ITien, separate from the above, a mixture including epoxy vvere bonded together by the adhesive layer (4) having a 

resin raw material containing 100 parts by weight of resin thickness of 0.5 mm, the outer peripheral surface of the roll 

and 52 parts by weight of a hardener mixed with 120 parts 60 ^vas cut and polished, whereby the resin roll (5) for calen- 

by weight of silica powder having an average particle dering a magnetic recording medium shown in FIG. 3 was 

diameter of 0.5 /mi was cast to a cylindrical mold for prepared. Ilie resin roll (5) an outer diameter of 335 mm and 

rotational casting (not shown), rotational casting was per- 3 surface length of 400 mm. 
formed at a mold temperature of 80** C. and a rate of rotation 

of 1500 rpm, and thus outer layer hollow cylinder (3) of 65 Performance Evaluation Test 

epoxy resin containing at its surface portion (3//) a pre- In order to evaluate the performance of the resin rolls (5) 

scribed high percentage content of silica powder was pre- for calendering a magnetic recording medium in accordance 
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with Inventive Examples 1 and 2 above, small sized rolls for 
performance evaluation were manufactured using the same 
material and substantially the same conditions for respective 
rolls. The iron roll core (I) had an outer diameter of 192 mm, 
surface length of 290 mm and an length of 760 mm, and the 5 
manufactured small resin roll (5) had the outer diameter of 
230 mm and etlcctive surface length of 230 mm. 

[COMPAl^ATIVE EXAMPLE 1] 

For comparison, a small sized roll having the same size as 
above was manufactured by using the same material and in 
the same manner as Inventive Example 2 above except that 
silica powder was not introduced. 

[COMPARATIVE EXAMPLE 2] 15 

An iron roll core and a fiber reinforced lower winding 
layer similar to those of Inventive Example 1 were prepared, 
the roll core having a lower winding layer was set vertically 
in a mold for casting having a prescribed size, a mixture 
including an epoxy resin raw material consisting of 100 
parts by weight of resin and 52 parts by weight of a hardener 
mixed with 79 parts by weight of silica powder having 
average particle diameter of 10.0 /*m was directly injected 
on the outer side of the iron roll core and cured, the roll outer 

25 

periphery was cut and polished, thus a small sized roll for a 
comparison test having the same size as described above 
was manufactured. 

[COMPARATIVE EXAMPLE 3] 

30 

An iron roll core and a fiber-reinforced lower winding 
layer similar to those of Inventive Example 1 were prepared. 
The roll core with a lower winding layer was set vertically 
in a mold for casting having a prescribed size, a mixture 
including an epoxy resin raw material consisting of 100 
parts by weight of resin and 65 parts by weight of a hardener 
mixed with 50 parts by weight of silica powder having an 
average particle diameter of 10.0 //m was directly cast to the 
outside of the iron roll core in the mold and cured, the roll 
outer periphery was cut and polished, and thus a small sized 
roll for a comparison lest having the same size as described 
above was manufactured. 

The relation between temperature and storage elastic 
modulus (E') of the surface portion of the thermosetting 
resin outer layer of each of the small sized test rolls in 45 
accordance with Inventive Examples 1 and 2 and the Com- 
parative Examples 1 to 3 at the frequency of 10 Hz was 
measured by a viscoelastic spectrometer (manufactured by 



IWAMOTO SEISAKUSHO CO., LTD). The results 
obtained arc shown in Tables 1 and 2 and the graph of FIG. 
4. 

Poisson's ratio (v) at the surface portion of each roll was 
measured in accordance with JIS K7054, and based on the 
measured values and the measured results of the aforemen- 
tioned storage elastic modulus (E% the value of the expres- 
sion (1-v^/E' representing the relation between storage 
elastic modulus (E') and Poisson's ratio (v) related to Hertz's 
equation representing the nip width at each temperature was 
calculated. ITie obtained results are as shown in Tables I and 
2 and the graph of FIG. 5. 

Thereafter, the content of silica powder at the surface 
portion of the epoxy resin outer layer or the cross linked 
polyesteramide resin outer layer of the small sized test rolls 
were measured. The measurement of the content of silica 
powder was performed by taking a sample piece having the 
thickness of 1 ram from the surface portion of the resin outer 
layer of each of the small sized test rolls, and ash content 
measurement of each sample piece was performed. A thermo 
gravimetry/differeotial thermal analyzer (manufactured by 
Seiko Instruments Inc.) was used for measurement. The 
obtained results are as shown in Table 1. 

The hardness at the surface portion of the resin outer layer 
of each of the small sized test rolls was measured by a shore 
durometer (D type), and the surface roughness (Ra) at the 
surface portion of the resin outer layer was measured by 
using the surface texture measuring apparatus 
(manufactured by Tokyo Seimitsu). The obtained results are 
also shown in Table 1. 

Further, nip widths of the small sized test rolls in accor- 
dance with Inventive Examples 1 and 2 and Comparative 
Examples 1 to 3 for performance evaluation test were 
measured. 

The measurement of the nip widths was performed in the 
following manner. A steel roll having an outer diameter of 
202 mm and effective surface length of 230 mm was brought 
into contact with each roll, and aluminum foil (not .shown) 
15 fim in thickness was inserted between both rolls, three 
different loads of 100 kg/cm, 200 kg/cm and 30(» kg/cm were 
applied between lx)th rolls, and the widths of the nipping 
trace transferred onto the aluminum foil were measured. The 
measurement was performed with a roll surface temperature 
of 50° C. The obtained results are as shown in the graph of 
FIG. 6. 



lABLE 1 



Inventive 
Uxnniplc 1 



Inventive 
l:xninplc 2 



Compamttvc Conipnrntivc Conipnrntivc 
ttxnmplc I IZxrtmple 2 I'ixnnipic 3 



'Hicrmoscttiiig Kcsin llpoxy Resin 



Powder 

Average Fniticle 
Diameter of 
Inorganic l^owdcr 
Storage Hlastic 
Modulus (dyn/cm^ 
fat 100' C, 10 Hz I 
Pois.sDn's Rntio 
(i - v=)/ir 
(cnr/dyn) I at 
100" C, 10 Hz j 



Silica Powder 



0.5 /tm 



1.15 X 10" 



0.30 

7.94 X 10-^^ 



Crosslinlvcd Crosslinkcd lipoxy Kcsin \ipoxy Kcsin 
1*0 1 yc s icni m id c Po 1 yes te ra inidc 
Kcsin Resin 



Silica Powder none 
;10.0 /im — 

5.66 X lO"' 3.52 x 10" 



Silica Powder Silica Powder 
lO.O/nii 10.0 /nn 

3.47 X 10^*^ 2.93 y 10**^ 



0.32 0.40 0.36 0.37 

1.59 X 10-" 2.39 X 10-" 2.51 x 10*" 2.95 x 10"' 
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TABLE 1 -continued 



Inventive Inventive Comparative Comparative Comparative 

Example 1 IZxnmple 2 lixamplc 1 Example 2 Example 3 

Content of 73.2 wt % 62.4 wt 7o 0 wi7o 36.4 wt % 30.0 wi % 

Inorganic Powder at 
Surface Portion of 
Outer Ijiycr 

Thickness of 3.0 mm 3.0 mm — — — 

Portion Filled with 
Inorganic Powder 

Mardneis (Shore D) 9S 96 93 94 90 

Surface Roughness Ra 0.04 ftn\ Ra 0.15 fttn Ra 0.02 fim Ra 0.3 //m Ra 0.2 //m 



(Ra) 



15 



TABLE 2 



Inveative Inventive Comparative Comparative Comparative 

Example 1 Example 2 Example 1 Example 2 Example 3 



Thermosetting Resin Epoxy Resin CrossI inked Cross linked Epoxy Resin Epoxy Resin 
Polyesteramide Polyester Resin 
Resin 



Poisson's Ratio (v) 


0.30 


0.32 






0.40 


0.36 


0.37 


Storage 


50° C. 


1.24 X 10" 


6.30 


X 


1Q^° 


3.77 X 10*° 


4.01 X 10'° 


3.41 X 10^" 


Elastic 


100" C 


1.15 X 10" 


5.66 


X 




3.52 X 10'° 


3.47 X 10'° 


2.93 X lO''' 


Modulus 


ISO'' C. 


1.08 X 10" 


5.21 


X 


20^0 


2.90 X 10''' 


3.01 X 10'° 


9.44 X 10^ 


(dyn/cm'^) 


ISO" C. 


1.01 X 10" 


4.71 


X 


10^° 


8.99 X 10^ 


2.49 X 20*° 


1.21 X 10^ 




200" C. 6.53 X 10^*^ 


3.32 


X 




1.60 X 10^ 


1.16 X 10'° 


9.99 X 10« 


Expression 




7.36 X 10-^^ 


1.43 


X 




2.23 X 10"" 


2.17 X 10-" 


2.53 X 10"" 


Representing 


100° C. 


7.94 X 10-^^ 


1.59 


X 


10-" 


2.39 X a0~" 


2.51 X 10"" 


2.95 X 10"" 


Relation 


150* C. 


8.45 X 10-^2 


1.73 


X 


10-" 


2.90 X J0-" 


2.69 X 10-" 


9.15 X 10-" 


between 


ISO"* C. 


9.04 X IQ-i- 


1.91 


X 


10-" 


9.34 X 10-" 


3.49 X 10-" 


7.14 X 10"'° 


Poisson's 


200^* C 


1.07 X 10"" 


2.71 X IQ-" 


5.25 X IQ-'^ 


7.50 X 10-" 


6.65 X 10-'° 



Ratio and 

Storage 

Elastic 

Modulus 

(1 - v^)/E' 

(cm'^/dyn) 



As is apparent from Tables 1 and 2 and from the graph of 
FIG. 4, the small sized resin rolls for testing corresponding 
to Inventive Examples 1 and 2 exhibited a high storage 
elastic modulus (B') as L.24xl0^ ' to 1.08x10'* dyn/cm^ and 
6.30x10'" 10 5.21x1.0^° dyn/cm^ at a lempcraturc of 50** to 45 
150° C, while the small sized resin rolls for lesiing corre- 
sponding to Comparative Examples \ to 3 exhibited the 
storage elastic modulus as low as 3.77x10^° to 2.90x10^° 
dyn/cnr, 4.01x1(1'*^ to 3.01x10'° dyn/cm" and 3.41x10'*^ to 
9.44x10*^ dyn/cm^, rcspec lively. Especially, the small si/cd 5q 
resin roll for lesiing corres[X)nding to Inventive Example 1 
exhibited a high storage elastic modulus (E') as l.OlxlO'' 
dyn/cm- at 180° C, and as high as 8.53x10"^ dyn/cm* was 
maintained even al 200** C. 

As is apparent from 'I'ables 1 and 2 and from the graph of 
V\0. 5, the value of the expression ( l-v")/E' representing the 
relation between storage clastic modulus (E') and Poisson's 
ratio (v) in relation to Hertz's equation representing the nip 
width was as low as 7.36x10"^" to 8.45x10"'- cm'/dyn and 
1.43x10"^^ to 1.73x1,0"'* cm^/dyn at a temperature range of 
50^ to LSO**, respectively, for the small sized resin rolls for 
testing corresponding to Inventive Examples i and 2. The 
values for the small sized resin rolls for testing correspond- 
ing to the Comparative Examples 1 to 3 were as high as 
2.23x10-^^ to 2,90x10"^^ cm^/dyn, 2.17x10"^' to 
2.89x10"'^ cm-/dyn and 2.53x10"" to 9.15x10-'' cm^/dyn, 65 
respectively. Furthermore, the small sized resin roll for 
testing 



corresponding to Inventive Example 2 exhibited a value as 
low as 1.91x10"" cm^/dyn at 180° C. The small sized resin 
roll for testing corresponding to Inventive Example 1 exhib- 
ited a low value of 9.04x10"''- cmVdyn at 180° C., and even 
al 200° C, it exhibited a low value of 1.07x10"" cm^/dyn. 
Furthermore, as shown in the i«raph of FIG. 6, the smaller the 
value of the expression (1-v^/E', the smaller the nip width. 

As compared with the .small sized resin rolls for testing 
corresponding to Comparative Examples 1 to 3, the content 
of .silica powder at the surface portion of the resin outer layer 
of the small sized resin rolls for testing corresponding to 
Inventive Examples 1 and 2 were higher and the shore D 
hardness of I he rolls corresponding to the Inventive 
Examples were also higher. 

As for the surface roughness (ka) at the surl'ace ix)rtion of 
the resin outer layer of the roll, the surface roughness of the 
small sized resin rolls for testing corresponding to Inventive 
Examples 1 and 2 were smaller as compared with the small 
sized resin rolls for testing corresponding to Comparative 
Examples 2 and 3 containing silica powder. 'ITial is, the rolls 
corresponding to a Inventive Examples had superior surface 
smoothness. Especially, the small sized resin roll for testing 
corresponding to inventive Example 1 used line inorganic 
powder having a smaller average particle diameter, and 
hence the surface roughness was at the same level as that of 
Comparative Example 1 which was not filled with inorganic 
jjowdcr. 
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As shown in ihc graph of FIG. 6, when ihc small sized 
resin rolls for testing corresponding to the Inveniivc 
Examples were each brought into contact with the steel roll 
and subjected to a load, a smaller nip width can be obtained 
and accordingly, substantially larger pressure per unit area 5 
can Ix obtained, lliis is the same when the roll has the si/x 
of the machine actually in operation. Therefore, it Ls possible 
to make the surface of a magnetic recording medium smooth 
and to surely perform processing to increase the density of 
the magnetic layer or the like by passing the magnetic lO 
recording medium between the resin roll for calendering the 
magnetic recording medium in accordance with the present 
invention and a steel roll while applying a high nip pressure. 

Although the present invention has been described and 
illustrated in detail, it Ls clearly understood that the same is 
by way of illustration and example only and is not to be 
taken by way of limitation, the spirit and scope of the present 
invention being Hmited only by the terms of the appended 
claims. 

What is claimed is: 20 

1. A resin roll for calendering a magnetic recording 
medium, comprising: 

a metal roll core (i); and 

a thermosetting resin outer layer (3); wherein ^5 
a surface portion of the thermosetting resin outer layer has 
a storage elastic modulus (E') from 5x10^° to 5x10^^ 
dyn/cm" at a temperature from 50° to ;150°C. at a 
frequency of 10 Hz. 

2. The resin roll for calendering a magnetic recording 30 
medium according to claim 1, wherein 

the surface portion of the thermosetting resin outer layer 
is uniformly filled with a high percentage content of an 
inorganic powder. 

3. The resin for calendering a magnetic recording medium 35 
according to claim 2, wherein 

content of the inorganic powder at the surface portion of 
the thermosetting resin outer layer is from 60 to 95 
percent by weight. 

4. The resin roll for calendering a magnetic recording 
medium according to claim 2, wherein 

the average particle diameter of the inorganic powder is 
from 0.05 to 50.0 //m. 

5. The resin roll for calendering a magnetic recording 
medium according to claim 1, wherein 

the hardness of the surface portion of the lliermo.selting 
resin outer layer is not lower than 95** and lower than 
KK)** in terms of shore D harness. 

6. The resin roll for calendering a magnetic recording _^ 
medium according to claim I, wherein 

surface roughness (Ka) at the surface portion of the 
thermosetting resin outer layer is not more than 0.5 /mi. 



7. The resin roll for calendering a magnetic recording 
medium according to claim 1, wherein 

a fi be r-re in forced lower winding layer formed of a fiber 
material impregnated with a thermosetting resin is 
provided on the outer peripheral surface of the metal 
roll core. 

8. A resin roll for calendering a magnetic recording 
medium comprising: 

a metal roll core (I); and 

a thermosetting resin outer layer (3); wherein at a surface 
portion of the thermosetting resin outer layer, an 
expression (l-v^)/E' representing relation between 
storage elastic modulus (E') and Poisson's ratio (v) in 
relation to Hertz's equation representing a nip width is 
within a range of 

2x10-^^ cm2/dyn<(]-v^£'<2xlO-" cm^/dyn 

at a temperature from 50° to 150" C. at a frequency of 10 Hz. 

9. The resin roll for calendering a magnetic recording 
medium according to claim 8, wherein 

the surface portion of the thermosetting resin outer layer 
is uniformly filled with high percentage content of an 
inorganic powder. 

10. The resin roll for calendering a magnetic recording 
medium according to claim 9, wherein 

content of the inorganic powder at the surface portion of 
the thermosetting resin outer layer is from 60 to 95 
percent by weight. 

11. The resin roll for calendering a magnetic recording 
medium according to claim 9, wherein 

average particle diameter of the inorganic powder is from 
0.05 to 50,0 //m. 

12. The resin roll for calendering a magnetic recording 
medium according to claim 8, wherein 

hardness of the surface portion of the thermosetting resin 
outer layer is not lower than 95** and lower than 100° 
in terms of shore D hardness. 

13. The resin roll for calendering a magnetic recording 
medium according to claim 8, wherein 

surface roughness (Ra) at the surface portion of the 
thermosetting resin outer layer is not more than 0.5 //m, 

14. The resin roll for calendering a magnetic recording 
medium according to claim 8, wherein 

a liber-reinforcetl lower winding layer formed of a fiber 
material impregnated with a thermosetting resin is 
provided on an outer pcriptieral surface of the metal roll 
core. 
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